Seaweed is a popular traditional foodstuff in Japan. Among the seaweeds, Undaria pinnatifida (wakame; wa-ka-me) is the most widely eaten brown seaweed. It is usually marketed in dried or salted form for long-term preservation. In daily cooking, it is softened and desalted in water before use, and served in salads, or used as additives to soup or noodles, and as a garnish.
Seaweed is known to contain large quantities of soluble dietary fibers, and the brown seaweed wakame is in particular rich in a polysaccharide group known as alginates, which are known to have many physiological effects on blood pressure, serum lipids, blood glucose and insulin. Moreover, wakame is rich in various kinds of minerals. It is also abundant in n-3 polyunsaturated fatty acids, which have anti-thrombotic, anti-hyperlipidemic, and anti-allergic actions.
Yamori et al. reported that alginates showed anti-hypertensive effects on stroke-prone spontaneously hypertensive rats (SHRSP) [1] . Similar alginate effects were reported in a clinical study [2] . Tsuji et al. demonstrated that alginates also decreased the elevated serum cholesterol levels in experimental animals [3] , and Torsdottir et al. showed improvement by its use in the control of diabetes mellitus [4] .
Recent studies have confirmed the usefulness of non-drug treatment for hypertension by the intake of such foods as sour milk [5] , garlic [6] , cell wall components of lactobacillus [7] , immune milk [8] , fish oil [9] , and antioxidants [10] .
These findings prompted us to test the multifaceted action of wakame on blood pressure and other metabolic disorders in hypertensive patients, whose lives are often complicated by a cluster of life style-related disorders like hyperlipidemias, glucose intolerance, and hyperuricemia. These life-style related disorders, including hypertension, constitute risk factors for atherosclerosis. Therefore, amelioration of these disorders by daily use of a non-drug regimen of wakame would be of great significance in the prevention and treatment of atherosclerotic vascular disease.
SUBJECTS AND METHODS
Subjects. A total of 37 hypertensive patients with a mean age of 71 years (ranging from 40 and 86 years) were investigated. Among them, 26 were under treatment with various hypotensive drugs, and the rest were receiving some drug(s) for life style-related disease(s) at the out-patient clinic of Kyorin University Hospital. They were chosen for the trial because their blood pressure was occasionally higher than 150 mmHg systolic and/or 90 mmHg diastolic, even under salt restriction and anti-hypertensive medication. Eighteen patients were randomly assigned to the wakame supplement group, while the remaining 18 were chosen for the case-controlled group in terms of matching gender, age difference within +2 years, and difference within ±2 weeks in enrollment date in the study. This study was conducted in accordance with the Helsinki Declaration of Human Rights, and EFFECT OF WAKAME ON HYPERTENSION 45 all the patients gave informed consent to participate in the study. Wakame supplement. The wakame supplement was prepared in the form of a dried powder after extensive desalinization, and 420 mg of the wakame powder was packed in each capsule of # 1 size. The wakame preparation was a gift from Riken Food Co. Ltd. (Miyagi, Japan). The composition of the wakame powder is shown in Table 1 . It contained large quantities of dietary fiber (about 53% by weight), most of which was alginates. Calcium and magnesium made up more than 1% of the weight.
Study design. This was a randomly assigned, case-controlled study. However, we could not use a placebo in the control group for the reasons described later.
At entry, anthropometric measurements were made for body height, body weight, and body mass index. Blood pressure measurement and clinical biochemistry were done multiple times over a 4-week period before treatment, and mean values were used as baseline values. The patients assigned to the treatment group received 5 g of dry powdered wakame packed in 12 capsules, which were taken daily in 3 divided doses with meals. The study lasted 8 weeks, during which blood pressure and clinical chemistry were examined every 4 weeks. The doses and types of anti-hypertensive or other previously prescribed drugs were not changed during the study period. Compliance was monitored by interviewing the patients at each hospital visit.
Blood pressure measurements and clinical chemistry. At each hospital visit, the patients were asked about their health condition, including compliance for prescribed drug(s) and the wakame supplement. Body weight was checked with the patient wearing indoor clothing but no shoes. After the physical examination, blood pressure (BP) was measured between 0900 and 1000 am on the right arm with a random zero sphygmomanometer (BP-203 RV-II; Nippon Colin Co, Tokyo) with the patient in the sitting position after at least a 5 min rest. All BP measurements were conducted by one registered nurse who was blind to the treatment assignments. Then, blood samples were taken by a registered technician. Blood cell counting and clinical chemistry were performed at the clinical laboratory of the hospital. All values were expressed as means ±SE. Statistical significance of changes in values from baseline levels was tested by the paired t-test. Student's t-test was used to check for statistical differences in blood pressure changes between the wakame and control groups. The chi-square test was used for comparison of the clinical backgrounds and the type and number of drugs taken between the 2 groups. Statistical significance was considered to be at p<0.05 on two tail test. Statistical analyses were performed by using the computer program SPSS (SPSS Inc., Chicago, IL).
RESULTS

Fixation of subjects in the study
A total of 37 hypertensive patients were enlisted in the study. Among the 37 patients, wakame supplements were given to 19 patients, of whom 1 female patient dropped out of the study. She could not continue visiting our clinic due to personal reasons not related to her health condition. She was therefore excluded form the study and her data were not included, except for safety-related items. Thus, the subjects in this study were fixed as 18 (6 males and 12 females) with an average age of 71.5±2.5 years in the wakame group and 18 (6 males and 12 females) with an average age of 70.7 ± 2.2 years in the control group.
Comparison of clinical backgrounds between the wakame and the control
The clinical backgrounds of the patients in the 2 groups are shown in Table  2 . No significant differences were seen between the wakame and the control groups regarding sex, age, body height, weight, BMI, mean systolic (SBP) or diastolic blood pressure (DBP). Twenty-six patients were taking anti-hypertensive drugs, primarily calcium channel blockers, /3-blockers, angiotensin converting enzyme (ACE) inhibitors, and diuretics. There was no significant difference in the number of patients on drugs or in the distribution of the drugs used between the 2 groups, although 1 patient was taking diuretics in the wakame group, while none took them in the control group. There were no significant differences in the combined therapy with anti-hypertensive drugs between the 2 groups.
As for the clinical biochemistry, none of the parameters for liver function, renal function, plasma glucose, and serum lipids differed significantly between the 2 groups (Table 3 ).
Ingested amount of wakame and changes in blood pressure of the 2 groups
Compliance of wakame supplements was estimated from the patient interviews in the wakame group. Six patients ingested all 12 capsules a day, 1 took 9 capsules a day, 2 had 8 capsules a day, 6 took 6 capsules a day, and 3 ingested only 3 capsules a day. Therefore, the average intake of wakame was estimated to be 7.9 capsules or 3.3 g a day. Changes found in blood pressure after wakame ingestion are shown in Fig. 1 . The SBP of the wakame group significantly dropped by 13 ± EFFECT OF WAKAME ON HYPERTENSION 47 3 mmHg (p <0.05) after 4 weeks, and by 8±3 mmHg (p <0.05) after 8 weeks from the baseline; though the SBP of the control group fell slightly, though not significantly, when compared with the baseline value. The difference in SBP between the 2 groups was significant (p <0.05) after the 4th week. The DBP of the wakame group was significantly reduced from the baseline by 9±2 mmHg (p<0.01) after 4 weeks, and by 8±3 mmHg (p<0.05) after 8 weeks; whereas the change in DBP in the control group was not significant. Differences in DBP changes between the 2 groups were significant both after 4 (p<0.01) and after 8 weeks (p <0.05). The heart rate in either group did not change significantly during the study period, and did not differ between the 2 groups.
Changes in blood cell counts and biochemical parameters
Body weight, blood cell counts, and the parameters of liver function, renal function, plasma glucose, and serum lipids did not differ between the baseline levels and the 8-week values except for platelets and free fatty acids in the wakame group, and for uric acid in both groups. However, these changes were within the normal range (Table 3) .
When the initial serum total cholesterol (TC) levels of the wakame group were subdivided into 2 subgroups hypercholesterolemic (TC > 5.69 mmol/liter or 220 mg/dl) [11] and normocholesterolemic (TC < 5.69 mmol/liter or 220 mg/dl), TC decreased significantly (p<0.01) by 0.49 ±0.07 mmol/liter (19± 3 mg/dl, 8%) after both 4 and 8 weeks of treatment as seen in Fig. 2 . In the normocholester- Side effects in the 2 groups Adverse symptoms in the wakame group during the 8 weeks of the study period included 2 cases of indigestion (1 male and 1 female) and 1 case of diarrhea (1 male). None of these symptoms were serious, and they disappeared after a short time without specific treatment. The other 4 patients in the wakame group reported improvement in their chronic constipation. In the control group, no side effects were reported.
DISCUSSION
In this study, we administered desalted, powdered wakame to hypertensive out-patients, whose blood pressure occasionally exceed 150 mmHg SBP and/or 90 mmHg DBP, despite their being under salt restriction and on previously prescribed anti-hypertensive medication, and monitored changes in blood pressure and clinical chemistry parameters for 8 weeks. After the ingestion of wakame, the blood pressure decreased significantly by 13±3 mmHg for SBP, and by 9 ± 2 mmHg for DBP after 4 weeks, and by 8±3 mmHg for DBP and by 8±3 mmHg in SBP after 8 weeks. Though the effects of wakame were greater after 4 weeks than after 8 weeks, the decrease in blood pressure after 8 weeks was still statistically significant when compared with the baseline level. The effect of wakame ingestion after 8 weeks falls into the category of "moderate improvement" in the evaluation criteria for the development of anti-hypertensive drugs [12] , which define moderate improvements as a drop of 10 to 19 mmHg systolic, and/or 5 to 9 mmHg diastolic. Krotkiewski et al. reported that alginate decreased mean blood pressure significantly with a daily dose of 12 g or 24 g after 4 weeks, but not with 6 g a day [2] . Since the average daily dose of wakame was 3.3 g in this study, the dose may have been a little too low. However, the wakame preparation is not a drug but a dietary regimen. Therefore, this modest effect of wakame seems to be adequate for the dietary regimen in the treatment of hypertension.
In this study, we could not prepare a placebo for the wakame because of the unique characteristics of wakame, which include a fishy smell, slippery and fibrinous texture, and water absorbent property. Therefore, Japanese could easily discern wakame from a placebo by judging the smell, color, taste or texture of the capsule contents. Without a placebo, however, the control group showed a slight fall in blood pressure (3 mmHg in SBP and 0.3 mmHg in DBP). This type of response in the control group was reported with non-drug treatments such as sour milk (4 mmHg in SBP and 1 mmHg in DBP [5] ), fish oil (2 mmHg in SBP and 1 mmHg in DBP [8] ), and magnesium supplementation (-0.3 mmHg in SBP and 0.2 mmHg in DBP [13] ). The results in this study indicate that wakame supplementation will be of significant benefit in the non-drug treatment of hypertension.
As shown in Table 1 , dry wakame (100 g) contains 53 g of dietary fiber, whose main constituents are alginates [14, 15] . Alginates are indigestible carbohydrates that act as typical dietary fiber [16] . Dietary fibers, in general, are known to exert a wide variety of physiological actions, reducing hypertension [1, 2, 17] , hypercholesterolemia [3] , impaired glucose intolerance and insulin [4] , intestinal flora [18, 19] , and the risk of colon cancers [20] .
Studies in vitro showed that alginates act as an ion exchanger in liquids, absorbing sodium ions from and releasing potassium ions into liquid media [21, 22] . Yamori indicated that the effects of alginates on hypertension in SHRSP were caused by alginates increasing fecal excretion of sodium, while decreasing urinary sodium excretion [1] . In addition to alginates, wakame contains large quantities of minerals including calcium and magnesium (Table 1 ). These minerals may play a role in the reduction of blood pressure in hypertensive subjects. There are epidemiological studies showing that there was an inverse correlation between the intake of calcium and magnesium and blood pressure [23] . However, wakame contained only approx. l% calcium and magnesium by weight, and this amount may be too small for the quantity to be effective in blood pressure reduction [13, 24, 25] .
Another possible reason for the blood pressure-lowering effect of wakame may be fucosterol, which was isolated from brown seaweed [26, 27] . Though the physiological mechanism of fucosterol in vivo is not yet clear, there are reports that fucosterol reduced ACE activities on endothelial cells by inhibiting the synthesis of glucocorticoid receptors that regulate ACE activities [28] . Also, fucosterol was reported to enhance plasminogen activator inhibitor-1 on endothelial cells [29, 30] .
More recently, peptides having ACE-inhibiting activity were isolated from a peptic digestion of wakame. Oral administration of these peptides decreased the elevated blood pressure of SHR rats [31] . The presence of these ACE inhibitory peptides in a peptic digest of wakame suggests that they could be responsible for the observed blood pressure-lowering effects of wakame. Therefore, the blood pressure-lowering effect of wakame seems to be attributed to the synergistic action of alginates, minerals, fucosterol, and peptides having ACE-inhibiting activity or some unknown component(s). Similar clinical effects of wakame were reported by Nara et al. [32] .
Besides blood pressure, wakame reduced elevated serum cholesterol by an average of 0.49 ±0.07 mmol/liter (19± 3 mg/dl, 8%) in 8 weeks. This cholesterollowering action of wakame has been shown in animal experiments [33, 34] . Wakame is considered to accelerate excretion of cholesterol in the feces [34] . Thus, wakame may inhibit the absorption and reabsorption of cholesterol in the intestine and consequently reduce serum cholesterol levels.
Some anti-hypertensive drugs such as /3-blockers and diuretics are known to elevate serum cholesterol and triacylglycerides [35] [36] [37] . When hypertensive patients are treated with these drugs, wakame may be of help in reducing the unwanted elevation in serum lipids caused by them. This reduction was shown in the rat as being due to changes in enzyme activities involved in fatty acid metabolism in the liver [38] .
These results indicate that ingestion of wakame has a beneficial effect as a dietary regimen in the treatment of hypertension with or without hypercholesterolemia. The side effects are minimal and not serious. Once the mechanism of wakame action has been clarified, the use of wakame may be further promoted as a supplemental remedy.
